In a previous paper (Eggerth, Littwin, and Deutsch, 1939) a simple and convenient method for the quantitative determination of histamine in bacterial cultures has been described. By this method, the cultures are made alkaline with sodium carbonate, then extracted in a special apparatus with a mixture of chloroform and amyl alcohol, the histamine passing into a layer of dilute sulfuric acid. Ammonia, volatile mines, and amyl alcohol are removed from this extract by boiling at pH 9.2. The histamine is determined calorimetrically by the method of Koessler and Hanke (1919a). The presence of histamine is then confirmed qualitatively by forming the di-picrate.
give a concentration of 1 per cent. Medium 6 was also adjusted to pH 7.6, but 2 per cent of glycerol was added instead of the glucose. The media were then distributed in sterile tubes, 12 cc. per tube. Many organisms failed to grow on this medium. A control determination made on the uninoculated medium gave no color with the diazo reagent.
No. 2. Asparagine-histidine-glucose medium: 300 cc. H20 A control determination on the uninoculated medium gave no color with the diazo reagent.
No. S. Asparagine-histidine-cysteine-glucose medium. This has the same formula as medium 2, but with the addition of 0.3 gram cysteine hydrochloride.
No. 4. Egg-yolk-asparagine-histidine-glucose medium. Seven parts of distilled water were added to 1 part of fresh egg yolks and stirred. The mixture was heated in the Arnold sterilizer for 1 hour and filtered. A control determination on the uninoculated medium gave a color reading of 0.3 mm. per cubic centimeter. This medium gave excellent growth with most organisms, and the yields of histamine were high.
No. 5. Meat-extract-peptone-histidine-glucose medium: 300 cc. H20
1.2 grams meat extract 3.0 grams peptone (Parke Davis) 0.3 gram histidine di-hydrochloride A blank determination on the uninoculated medium gave a color reading of 5.6 mm. per cubic centimeter which matched the histamine standard fairly well.
No. 6. Meat-extract-peptone-histidine-glycerol medium. This medium has the same formula as the preceding one, except that the carbohydrate added is 2 per cent glycerol.
No. Acetic acid or sodium hydroxide were added to obtain the desired pH. Little or no growth is to be expected in this medium; it was used to determine histamine production by "resting" bacteria. A blank test on the uninoculated medium gave no color with the diazo reagent.
In calculating the amount of histamine produced in a culture, a correction was made in each case for the blank for that medium, in addition to a correction of 0.3 mm. for the color of the reagent. The effect of the pH was tested in a variety of ways. The most satisfactory procedure was as follows: A small amount of glucose (0.3 per cent) was added to the medium. Eight to 10 hours after inoculation, when active growth had started, the cultures were adjusted to the desired pH by the addition of sterile 10 per cent acetic acid or 4 per cent sodium hydroxide. During the first 48 hours, the pH of a culture changes rapidly, and the pH must be adjusted every 6 to 8 hours; after that, two or even one daily adjustment suffices. To determine the pH, The results are recorded as mgm. of histamine di-hydrochloride per cubic centimeter of culture. The time of incubation was 14 days. The temperatures selected were those that are optimal for histamine production by that organism.
The two organisms in table 2 that gave unusual results are Escherichia coli Sta. and Aerobacter aerogenes Hul. E. coli Sta., which is a very efficient producer of histamine on other media (table 3) has consistently given low values for the meat-extractpeptone-histidine-glucose medium, which apparently contains some inhibitory factor which may also be responsible for the somewhat atypical pH effect. Aerobacter aerogenes Hul., and other histamine producers of this species, differ from all other histamine-forming organisms in being uninfluenced by the pH over a wide range. Only at the extremes (pH 5.0 to 5.5, and 7.5 to 8.0) is there any decrease in histamine production. Koessler and Hanke (1919b) concluded, from their study of Eecherichia coli, that an acid reaction was indispensable for histamine production. Bertrand and Berthelot (1913) , Mellanby and Twort (1912-13) and Jones (1918) , on the other hand, have described organisms which produce histamine in alkaline reactions only, never in the presence of glucose. A search was made for such organisms, using the technic employed by these authors, but without success. As Jones succeeded only once in 50 attempts, such organisms cannot be common. Table 3 shows the effect of these two factors on histamine production by several representative organisms.
III. THE EFFECT OF THE TEMPERATURE AND THE COMPOSITION OF THE MEDIUM ON HISTAMINE PRODUCTION
Temperatures above 370C. depress histamine formation by all of the bacteria tested. The composition of the culture fluid has a marked effect upon histamine production, as has been recognized by Bertrand and Berthelot (1913) and by Hanke and Koessler (1922) . In these experiments, the lowest yields usually occurred with the ammonium-nitrate-histidine-glucose medium. This is partly explained by the fact that growth here is often sparse or lacking; the pH attained is usually 5.6 to 6.0, which is not optimal. With this medium, a small quantity of imidazol bases other than histamine may appear in the acid extract (see table 6 ).
When an organic compound of nitrogen, such as asparagine, is supplied in addition to the histidine, the histamine yield is usually increased. Such an increase was observed by Hanke and I -~~ I Koessler (1922) with several amino acids. This increase is in part due to the more favorable pH obtained (pH 5.0 to 5.5 when glucose is present). In many cases, the addition of cysteine to the asparagine medium still further increases histamine production; with one organism, however (Escherichia coli, Tem.), the addition of cysteine greatly diminished the yield.
When egg-yolk infusion was added to the medium, histamine production was in most cases greatly stimulated. In many instances, especially with the anaerobes and with all strains of Eberthella typhi, the addition of cysteine still further augmented the yield of histamine.
The meat-extract-peptone-histidine-glucose medium was rather variable in its effect on histamine production. In many cases, it was as good or better than other media; while with other organisms it gave comparatively low yields.
When glycerol was used instead of glucose, as in the meatextract-peptone-histidine-glycerol medium, the production of histamine was usually very low. This is probably due to the fact that these organisms produce little or no acid from glycerol, hence the pH remains too alkaline for histamine production. But in 5 instances (3 strains of Escherichia coli, Shigella paradysenteriae Rya., and Shigella alkalescens Kau.) the production of histamine was considerably increased when glycerol was substituted for glucose (tables 3 and 4). Also, with Aerobacter aerogenes, there was a marked difference in favor of the glycerol, but only at the higher temperatures. With the 5 strains mentioned above, the pH with the glycerol medium ran between 5.7 and 6.2, reactions which one would expect to be less favorable for histamine production than the pH 5.0 to 5.3 obtained on the glucose medium. The results indicate that for these strains at least, the carbohydrate has some other effect than that of stimulating growth and providing a favorable acidity.
The addition of 5 per cent of serum to these media made very little difference in the histamine yield. As a rule, the addition of serum slightly diminished histamine production; in a few cases, it slightly increased the yield. The temperature was 340C., and the time of incubation was 7 days.
this fluid, very heavy inoculations were made. Young agar cultures were washed twice with sterile distilled water, and enough organisms were added to the medium to give a density of about 2 billion bacteria per cubic centimeter. In one experiment (table 5) the medium was brought to pH 5.2 with acetic acid; it is therefore well buffered at this pH.
All of the organisms shown in table 5 will produce abundant histamine on other media. Yet only 3 of these 8 organisms formed histamine under these conditions; the same 3 will form histamine in the ammonium-nitrate-histidine-glucose medium. The 5 negative organisms of table 5 partially converted the histidine to another base that appeared in the acid extracts; this base does not contain the imidazol nucleus, for only a pale yellow color is produced when it is coupled with sulfanilic acid. It is apparently identical with a base encountered by Koessler and Hanke (1919b) 1. In this medium, ammonium salts and nitrates are the only sources of nitrogen beside the histidine, and glucose is present. When the amount of these bases is small (as is invariably the case), they will not be precipitated from the acid extracts by phosphotungstic acid (Eggerth, Littwin, and Deutsch, 1939) , whereas the histamine will be completely removed. If Organisms from all of these genera were active producers of histamine, often converting from 30 to 100 per cent of the histidine to the amine. There can be no doubt that the colorproducing substance formed by these organisms actually was histamine, as the crystalline di-picrates were prepared in most cases from the acid extracts (table 4) .
There are several reasons why many more histamine-positive organisms were found than in the above mentioned investigations. The most important one is that glucose was employed in the media instead of glycerol. When glucose is supplied, the favorable pH of 5.0 to 5.5 is usually obtained, whereas most organisms do not produce enough acid from glycerol to permit histamine formation. Tables 3 and 4 show the striking effect of substituting glucose for glycerol.
Very often the temperature of incubation is an important contributory factor. Hanke and Koessler (1922) and Koessler, Hanke, and Sheppard (1928) incubated their cultures at 37.50C., which is not, in most cases, the optimal temperature for histamine production.
Hanke and Koessler (1922) employed a medium that contained no organic source of nitrogen except histidine itself. Tables 3  and 4 show that such a medium is usually unfavorable to histamine production, and that very few organisms will be positive when it is used. SUMMARY 1. Using a simplified technic previously described (Eggerth, Littwin, and Deutsch, 1939) histamine production has been determined in cultures of 49 strains of bacteria, belonging to 14 species of 7 genera. These organisms all have their habitat in the intestinal tract.
2. With the exception of Clostridium welchii, all of these organisms require free histidine for histamine formation.
3. In a favorable medium, histamine production begins within 24 hours and continues rapidly for 4 to 5 days, after which the rate of production decreases.
4. For most organisms, the optimal pH for histamine production is pH 5.0 to 5.5, and no histamine is produced at reactions more alkaline than pH 6.5. However, the histamine forming strains of Aerobacter aerogenes will produce this amine at any pH between 5.0 and 8.0.
5. The temperature of incubation markedly affects histamine formation. Temperatures higher than 370C. and lower than 260C. are usually unfavorable. Between these limits, the optimal temperature varies a great deal with different organisms.
6. The yield of histamine is determined also by the composition of the culture medium. Where only inorganic compounds of nitrogen are supplied, in addition to histidine, the yields of histamine are usually low, and some of the histidine may be converted to other 'nimdazol bases. The addition of amino acids, such as asparagine and cysteine, or of peptone, or of egg yolk or meat infusion, increases histamine production. The nature of the added carbohydrate is also important, chiefly because of the effect of the pH of the culture.
